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.2011.12.Abstract Emulsion polymerase chain reaction, an effective ampliﬁcation, can make millions of
templates could be individually ampliﬁed within a single tube. Here we constructed and improved
a low melting point agarose-emulsion method to promote the speciﬁc sequences ampliﬁcation effec-
tively. Artiﬁcial Lactobacillus Plasmid as template was ampliﬁed and clear ﬂuorescence images of
the agarose beads were obtained. The Real-time PCR data showed that agarose-emulsion PCR
clearly indicated that DNA can be ampliﬁed in agarose droplets. Overall, our study effectively over-
came the difﬁculty of formation of uniform emulsion droplets, negative effect on recombination of
homologous regions of DNA and generation of void emulsion droplets. This method increases the
accuracy with ampliﬁcation, reduces the inﬂuence of uncertainties and provides the reliable data for
further experiment.
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0011. Introduction
Emulsion polymerase chain reaction (e-PCR) as a signiﬁcant
and determined method of ampliﬁcation DNA fragments
in vitro, the technology has been widely used in the directed
evolution of DNA polymerases [5], haplotyping [6] and recom-
binant DNA technology [12], especially in the preparation of
gene library of genetic engineering. Also, e-PCR can provide
insights into the intricacies of single cells as well as the evolu-
tion of species [8,15]. Meanwhile, emulsion PCR, combining
micro beads, has been used for the detection and enumeration
of rare genetic mutations and the high-throughput screening of
transcription-factor targets. Emulsion PCR has also been used
to generate the template DNA for new DNA-sequencingtion and hosting by Elsevier B.V. All rights reserved.
240 M. Xu et al.technologies [10,13,14]. These technologies allow sequencing
at one-ninth the cost per base and with 100-fold greater
throughput than the conventional technology, thus enabling
the sequencing of a bacterial genome in a single four-hour
run. However, failure to preparation of emulsion can lead to
a total system of extreme polydispersity .At the same time,
even if we will amplify a sample under a suitable conditions,
it may be showed that a large number of unstable droplets
including uneven and empty droplets, which are wasteful,
negating the speed and efﬁciency afforded by e-PCR [14,3].
These unnecessary droplets will have a negative impact on re-
sults, structure of system and deviation of the data. At the
other extreme, poor PCR efﬁciency can reduce the sensitivity
of products detection and no products may be ampliﬁed [15].
Clearly, when we need more products for our research, not
only the effect of these programs is not satisfactory but also
clear ampliﬁcation production is difﬁcult to obtain.
In this study, we will construct and improve a method for
amplifying complex gene sequences. Based on the water added
to a mixture of oil to form water-in-oil (w/o) emulsion and tem-
plates are spaced in the PCR reaction system [3]. We chose low
melting point agarose which has a melting point about 65 C
and a gelling point around 30 C as coagulant to coat emulsion
system and form a complete, mandatory and uniform droplets
for reaction. The system will combine aqueous phase with
melted agarose until the temperature drops below 30 C, which
insures the generation of agarose-emulsion is melted. The tem-
plates fragments are separated into the different aqueous drop-
lets and ampliﬁed by PCR in monodisperse isolation (Fig. 1).
Such a monodispersity is very essential to insure PCR efﬁciency
.This approach will minimize the problems mentioned above
and avoid the use of micro beads in e-PCR.Figure 1 The principle of the agarose-emulsion PCR. DNA sample
(yellow), spaced in the aqueous droplets of a w/o emulsion such that eac
molecules. Then add melted agarose with Reverse primer to emulsion
emulsion was atomized into agarose beads, stained and solidiﬁed in th2. Materials and methods
The oil phase containing the mineral oil, Span 80, Triton X-
100 and Tween 80 were purchased from Sigma. The aqueous
phase contained template DNA [19] (Artiﬁcial Lactobacillus
Plasmid; Forward primer: 50-GTG-TGG-CCC-AGC-CGG-C
CC-CTG-AGA-TCT-GCA-AAC-30, Reverse primer: 50-CG
C-TCG-AGG-CAG-CCT-AGC-CAG-TC-30), Bovine serum
albumin (BSA) (powder), Taq DNA polymerase (2.5 U/
ll),10 · PCR buffer (Mg2+ free) and 25 mM MgCl2 and
Deoxynucleoside triphosphate (dNTP) mix. Above this were
from Fisher Scientiﬁc. Breaking emulsion was water-satu-
rated diethyl ether (P99.7%) from Stratagene. The primers
(Forward primer and Reverse primer) were synthesized by
Invitrogen (Shanghai, China). Equipment contains stir bars
(4.5 · 12 mm), microcentrifuge (1.5 ml; Eppendorf), centri-
fuge tubes (50 ml; Sigma–Aldrich), magnetic stirrer with
speed controller (Telesystem Stirring Drive 15 with Telemo-
dul 140C; H+P Labortechnik AG), ultrasonic atomizer
(Devilbiss), ﬂuorescence microscope (BX51; Olympus), Cryo-
Tube vials (1.8 ml; Square bottoms; Nunc) and LightCycler
rapid thermal cycler system (Roche Diagnostics Ltd., Lewes,
UK).2.1. Preparation of emulsion PCR (e-PCR) aqueous phase
Set up a 150 ll reaction system for the initial ampliﬁcation of
the target fragment. The system contained agarose-emulsion
PCR aqueous phase and agarose-emulsion PCR (template
free) aqueous phase as control. Adding the reagents in the or-
der listed (shown in Table 1).and PCR aqueous phase were wrapped in droplets of emulsion
h droplet contains a single, or minimum number of template DNA
system and carry on PCR. Following e-PCR, the melted agarose
e slide.
Table 1 Agarose emulsion-PCR component.
Agarose e-PCR Control
10 · PCR buﬀer 15 ll 15 ll
Forward primer(10 lM(stock) 3 ll 3 ll
Reverse primer(10 lM stock) 3 ll 3 ll
dNTPs(5 mM) 3 ll 3 ll
Taq DNA polymerase 1.5 ll
MgCl2 15 ll 15 ll
Template DNA(1.65 fmol) 3 ll 3 ll
BSA(0.1 g/ml) 15 ll 15 ll
ddwater 91.5 ll 93 ll
Oil phase 150 ll 150 ll
Low melting point agarose 150 ll 150 ll
Total 300 ll 300 ll
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After using 1.5 ml Span (6%, vol/vol), 135 ll Tween 80 (1.2%,
vol/vol) and 12.5 ll Triton X-100 (0.05%, vol/vol) to prepare
the oil phase at 25 C, add mineral oil to 50 ml. Take a
4.5 · 12 mm stir bar to centrifuge tube and stir this mix fully
at 25 C, 1700 rmp is the magnetic stirrer for 5 min. Store
the mix at room temperature for no longer, on than 5–7 h.
2.3. Agarose-emulsion formation
The aqueous phase and oil phase mixture in a dropwise man-
ner over a period of 2 min. After the addition is ﬁnish, con-
tinue adding 150 ll 2% melted low melting point agarose
and stirring at 80 C, 1700 rmp for 5 min to complete the for-
mation of agarose-emulsion. Then overlay the emulsiﬁed reac-
tions with mineral oil.
2.4. Agarose-emulsion PCR
Bio-Rad’s 1000-series thermal cycler was used for PCR analy-
sis. Total PCR reaction contains two groups (agarose-emul-
sion PCR and agarose-emulsion control); all above this must
be ampliﬁed at the same conditions. Temperature cycles the
emulsions according to the following program: initial denatur-
ation at 95 C for 5 min followed by 30 cycles of 95 C for 30 s,Figure 2 Combining Reverse primer with agarose by Schiff-base reac
in the surface. The use of NaIO4 to carry on chemical reaction between
prevent the primer and products of e-PCR escaping from agarose emuannealing of 55 C for 30 s and polymerization of 72 C for
30 s.
2.5. Real-time PCR using the SYBR Green I assay
Real-time PCR was performed using a LightCycler rapid ther-
mal cycler system (RocheDiagnostics Ltd., Lewes, UK) accord-
ing to the manufacturer’s instructions. Reactions were
performed in a 50 ll volume (6 parallel samples) with 0.6 lM
primers. TaqDNA polymerase, dNTPs,MgCl2 and buffer were
included in the LightCycler-DNA Master SYBR Green I mix.
(Roche Diagnostics Ltd., Lewes, UK). In the case, we take
15 min to complete Real-time PCR and temperature cycles
the emulsions according to the following program: denatur-
ation at 95 C for 30 s followed by 40 cycles of 95 C for 0 s,
annealing of 55 C for 5 s and polymerization of 72 C for 5 s.
2.6. Fixation and breaking the emulsion
Transfer 100 ll completed and melted agarose-emulsion PCR
products to ultrasonic atomizer which maintain working fre-
quency at 2.4 MHz and spray evenly onto the clear slide to in-
sure agarose-emulsion become uniform agarose beads until the
temperature drops below 10 C. However, in order to prevent
diffusion of PCR product from agarose beads, Reverse primer
was conjugated to agarose matrix using a Schiff-base reaction
as shown in Fig. 2. Then transfer 20 ml of the diethyl ether
anhydrous to 20 ml of double-distilled water (ddwater). Vortex
5 min. Separate the upper phases (water-saturated diethyl
ether) in a 1.5 ml microcentrifuge and remove most of the
water. The agarose beads were collected by removing the oil
phase via sequentially washing with ddwater water, water-sat-
urated diethyl ether and ddwater for three times. In order to
evaporate the remaining diethyl ether absolutely, take the slide
sample placed in a vacuum drying oven to dry for 5 min at
15 C. The ampliﬁcation products can be stored at 4 C for
at least a month.
2.7. Fluorescence scanning and data analysis
After staining by SYBR Green, the slide was scanned with a
ﬂuorescence microscope. The intensity value of a ﬂuorescenttion. Agarose is a mesh structure which has many hydroxyl groups
hydroxyl and amino-group of primers. This method can effectively
lsion beads.
Figure 3 Results of agarose emulsion PCR. Fluorescence images of agarose beads showed that agarose-emulsion PCR samples were
obtained the speciﬁc fragments after ampliﬁcation and the concentrations of products are 2000 (a) and 0 (b) (control) copy/ll.
242 M. Xu et al.signal was obtained by expressing those products of agarose
beads. With regard to the ﬂuorescence intensity, data were nor-
malized and corrected. The acquired images were analyzed by
microarray suit software using a digital computer, and the
intensity of ﬂuorescence signals and its ratio were calculated.
For Real-time PCR, the statistical analysis was analyzed with
the LightCycler analysis software as described previously
[11,7]. Background ﬂuorescence was removed by setting a noise
band. The assay was repeated and the results were noted; how-
ever, for purposes of calculating sensitivity and speciﬁcity, only
the initial result was considered.Figure 4 Different water–oil ratio of emulsion could make
different diameter of agarose beads. The diameter affects the
quality of ampliﬁcation, when we use the water phase (W)
accounts for about 50% by volume in emulsion, the 150 lm beads
are suitable reaction system for ampliﬁcation and a number of
150 lm beads are about 70.5% of total beads. In contrast, the
other different diameter of agarose beads were made by different
ratio showed the low share in agarose emulsion.3. Results
3.1. Products of agarose beads
Fluorescence scanning showed that a ﬂuorescence images of
the agarose beads were taken, the agarose-emulsion PCR sam-
ples produced, the speciﬁc fragments (Fig. 3a and b) and indi-
vidual micro beads were brightly ﬂuorescent. Final average
concentrations of products are about 2 · 103 copy/ll. In con-
trast, control beads were not ampliﬁed by agarose-emulsion
PCR and had low ﬂuorescence intensity (0 copy) without
DNA template. The method clearly indicated that DNA can
be ampliﬁed in agarose droplets. Also, the ﬂuorescence of frag-
ments is consistent with the expected results.
3.2. Effect of different water–oil ratio on ampliﬁcation products
The different proportion of water–oil ratio will make quite dif-
ferent diameters of agarose beads. As shown in Fig. 4, droplets
obtained show a highly uniform diameter of 150 lm that water
phase accounts for about 50% by volume in emulsion. Then in-
crease the proportion of water for about 60% by volume, the
diameters of agarose beads is about 120 lm. We continually
investigated the water phase accounts for about 70%, 40%
and 30% by volume in emulsion system, the diameters of aga-
rose beads are 75 lm, 200 lm and 240 lm. It is determined that
the suitable proportion of water phase is about 50% by volumein emulsion and the diameters of emulsion beads are about
150 lm.
3.3. Speciﬁcity of ampliﬁcation products
To conﬁrm ampliﬁcation speciﬁcity the PCR products from
the primer pair were subjected to a melting curve analysis.
The curve analysis demonstrated that each of the parallel sam-
ples ampliﬁed a single predominant product with a distinct Tm
as shown in Fig. 5. The value of Tm is 81.5 C. Clearly, the re-
Figure 5 Analysis of SYBR Green 1 dissociation curve. (a). Real-time PCR ampliﬁcation curve showed that this reaction contained
about 2 · 103 copies and recorded a Ct of 24.2 ± 0.3. Panel (b) and (c) shows a clear dissociation curve and a view of data between 55 C
and 95 C. The main peaks of six parallel samples occur around 81.5 C. In addition, no other peak in the curve, indicating a high
speciﬁcity and accuracy of PCR products.
Low Melting Point Agarose Emulsion PCR 243sults suggest that this method has a high speciﬁcity and the
ability to identify.
4. Discussion
The agarose-emulsion PCR method presented here can accu-
rately determine the amounts of speciﬁc sequences in very lim-
ited amounts of sample. The agarose beads allow many
reactions to occur independently in a single reaction tube and
avoid the use of micro beads in e-PCR. Distinct reaction com-
partments such as micelles provide controlled conditions by
simple physical separation. Thereby each droplet can be
regarded as equivalent to a separate test tube [16]. In our study,
the speciﬁc sequences were successfully obtained by agarose-
emulsion PCR. Fig. 3a illustrates the utility of this method for
determining speciﬁc fragments and bright ﬂuorescent beads
were observed, clearly indicating the capability of the method
for single copy genetic ampliﬁcations in this experiment. In con-
trast, the control sample (Fig. 3b) had no obvious ﬂuorescent
beads. Moreover, we use Real-time PCR to analyze the speciﬁc-
ity of ampliﬁcation products. The dissociation curve provides
very intuitive results (Fig. 5). The data suggest that a number
of single predominant products have been collected and no
other non-speciﬁc signal sequence in the curve. In addition,
we obtained smooth curve, obvious maximum peak zones and
consistent with experimental results expected. The results echo
each other in Fig. 3 and show the feasibility of this method.
Overall it seems, the strategy shows many advantages.
Firstly, the most important is the beads’ size can be con-
trolled and monodispersed. The quantitative applications will
make beads adapt to different number of templates, ampliﬁ-
cation conditions, length of fragments and sensitive ampliﬁ-
cation products. Secondly, this method can break thelimitation of micro beads. Not only the agarose beads signif-
icantly reduce a large number of invalid droplets but also in-
crease the effective of ampliﬁcation [20]. Thirdly, the results
showed that this strategy can make a large number of ampli-
ﬁcation products. A general atomizer can make more than
2000–2500 droplets per second, and a high-throughput and
huge work system was made for analysis of gene and genome.
Meanwhile, limitation of micro beads with the template
which have different degrees overlapping sequences between
homologous regions of DNA can not generate chimeric mol-
ecules. Finally, meet the requirements of agarose beads will
be used for other applications such as ﬂow cytometry analysis
and sequencing.
In order to obtain the best products, we investigated the
effect of different proportion of water and oil on diameters
of beads. Our data showed that the best emulsion beads
could signiﬁcantly induce the production of target sequences
and promote the ampliﬁcation of template. The quality of
emulsion beads can be identiﬁed by their appearance
[1,2,18]. High quality emulsion beads can steadily stay at
room temperature for 5–7 h. The best diameters of beads
are about 150 lm. On one hand, when the proportion of
aqueous phase is higher than oil, the oil can not encase aque-
ous phase absolutely and generate stable beads. Therefore,
this condition will form many anomalistic beads which not
have adequate reaction system to carry on PCR and give
unstable effect on ampliﬁcation efﬁciency. On the other hand,
when the proportion of oil is higher than aqueous phase, oil
can encase aqueous phase completely and generate a wide
diameter beads. Our research showed that when increasing
the proportion of oil, the increase of beads’ diameter is not
obvious. In contrast, too much oil will increase instability
and may reduce efﬁciency for agarose-emulsion PCR [17,4].
Figure 5 (continued)
244 M. Xu et al.Also, these will increases the difﬁculty of handling and appli-
cation for the latter part of the experiment. For large-scale
production of agarose-emulsion PCR, not only the ampliﬁca-
tion level but also the ampliﬁcation stability of the agarose-
emulsion is critical. Our study showed that the speciﬁc se-
quences obtained using the improved strategy and the pro-
duction may last for at least 15 days at 4 C.
To demonstrate the stability of this method, we also inves-
tigated the effect of emulsion breaking reagent on analysis of
PCR products and its quality. In this study, diethyl ether as
the general organic solvent was used to break emulsion and
extraction of oil phase. However, the previous research dem-
onstrates that a small amount of diethyl ether can be dissolvedin the water (6.9/100 ml) [9]. When we received little or no
aqueous phase after breaking, the problem lies with that
water-saturated diethyl ether should be used and allow the
phases to settle before use.
In summary, we have successfully constructed and im-
proved the strategy of agarose-emulsion PCR and its analysis
procedure. This approach minimizes the problems mentioned
above and it is believed that this method has potential of wide
applications because the results we obtained was objective and
the study provides a reliable data for further experiments, in-
crease the accuracy and reduce the inﬂuence of uncertainties
on results. This strategy also might provide a new direction
for the treatment of human disease.
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